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16.1 Rotation of a rigid
body

Preparatory Problems
16.1.1 Give the de�nition of each term
below in words and, if possible, with an
equation.

a) rotation angle

b) .x¨; y¨/ <

c) .x; y/ <

d) rotation matrix <

16.1.2 Assume that in the reference con-
�guration, when � = 0, that the x¨y¨ axes
attached to an object are aligned with the
xy axes. Consider a point P attached to
the moving frame (object) that has coor-
dinates .x¨; y¨/. Find each of the quan-
tities below in terms of some or all of
x¨; y¨; �{; �|; �; �� and ��.

a) Ç

rP
<

b) The rotation matrix [R]. <

16.1.3 Assume that in the reference con-
�guration, when � = 0, that the x¨y¨

axes are aligned with the xy axes. Con-
sider two points P1 and P2 attached to the
moving frame. P1 and P2 have coordi-
nates .x¨

1
; y¨

1
/ .x¨

2
; y¨

2
/. Find each of the

quantities below in terms of some or all

of x¨
1
; y¨

1
; x¨

2
; y¨

2
; �{; �|; �; �� and ��.

a) Ç

rP
1
_P

2

<

b) The rotation matrix [R]. <

16.1.4 The square plate OABC shown in
the �gure measures l = 1m on a side.
The coordinate axes x¨y¨ are �xed to the
plate and the axes xy are �xed in space.
The plate is rotated by an angle � = 60ý

as shown.

a) Find the coordinates x¨ and y¨ of
the corner point B in the rotated
frame.

b) Find the coordinates x and y of
the same point in the �xed frame
without using the rotation matrix.

c) Write the rotationmatrix R for the
given rotation.

d) Find the coordinates of point B in
the�xed frameusing its .x¨; y¨/ co-
ordinates and the rotation matrix
R.

e) Find the coordinates of point B in
the rotated frame using its .x; y/
coordinates and the rotation ma-
trix R in its appropriate form.
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Problem 16.1.4

16.1.5 The rod shown in the �gure ro-
tates counterclockwise, starting from � =
0. Find the following quantities.

a) Write the position vector of points
A and B as a list of numbers in an

array, e.g., [ÇrA]xy = 4 xA

yA
5, at � =

0. <

b) Write the rotationmatrixR for � =
45ý. <

c) Find the coordinates of points A
and B using the rotation matrix R
for � = 45ý. <

d) If the rod rotates at a constant an-
gular speed ! = �_3 rad_s, �nd
the coordinates of points A and B
after 2 seconds, assuming the rod
is at � = 0 when t = 0.
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Problem 16.1.5

16.1.6 Find the angle of rotation corre-
sponding to the following rotationmatri-
ces:

a) 4 0:7071 *0:7071
0:7071 0:7071

5. <

b) 4 *0:7071 *0:7071
0:7071 *0:7071

5. <

c) 4 0:7071 0:7071
*0:7071 0:7071

5. <

More-Involved
Problems
16.1.7 The rod shown in the �gure ro-
tates with constant angular speed ! =
10 rad_s. � = 0 at t = 0 s.

a) Find the position vector ÇrBðt
1

and

the velocity ÇvBðt
1

of point B at t1 =

1 s. <

b) Find the position vector Ç

rBðt
2

of

point B at t2 = 1:2 s. What is the
net displacement of point B dur-
ing the time interval �t = t2 * t1?
Is this net displacement equal to
Ç

vBðt
1

�t? Why not? <
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Problem 16.1.7

16.1.8 Write a computer program to an-
imate the rotation of an object. Your
input should be a set of x and y co-
ordinates de�ning the object (such that
plot y vs x draws the object on the

screen) and the rotation angle �. The
output should be the rotated coordinates
of the object.

a) From the geometric information
given in the �gure, generate coor-
dinates of enough points to de�ne
the given object. <

b) Using your program, plot the ob-
ject at � = 20ý; 60ý; 100ý; 160ý; and
270ý.

c) Assume that the object rotates
with constant angular speed ! =
2 rad_s. Find and plot the position
of the object at t = 1 s; 2 s; and3 s.
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Problem 16.1.8
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2 Chapter 16.

16.1.9 The arrow shaped object shown
in the �gure is de�ned by the �ve points
whose coordinates are given in somenor-
malized units. The position shown is at
t = 0. The time dependent angular po-
sition of the object is given by �.t/ =
C1t

2 + C2t where C1 = 0:25 rad_s2 and
C2 = 0:1 rad_s. Animate the motion
of the object and show its position from
t = 0 to t = 5 s at every second.
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Problem 16.1.9
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